Abstract. The most precise measurement of the electron neutrino mass has been obtained from the shape of the electron energy spectrum near the endpoint in tritium decay. The Mainz and Troitsk experiments indicated an excess instead of expected depletion of counts in that region. Results derived from such measurements are subject to numerous atomic corrections which are absent in the scattering e − p → nν e . This new idea is presented in the article, with its advantages and difficulties, and is compared to the method of tritium decay.
Introduction
In this article a new idea, regarding the issue of measuring the electron neutrino mass, is presented and its main advantages as well as difficulties discussed in short. Since it is practically unachievable to measure the velocity of the neutrino by a time-of-flight method, and given the energy -its mass, the only avialable methodology must rely on studying a process in which a finite neutrino mass would lead to a modification of kinematics in a particular region of the phase space. To date, the most fruitful method, which allowed to determine an upper limit on the electron neutrino mass with eV-precision, was the study of the endpoint region of the electron kinetic energy spectrum in a β-decay of tritium. In this decay, 3 H → 3 He e −ν e , the maximum electron kinetic energy is rather low (18.6 keV); moreover, the decay is characterised by an acceptable half-life time of 12.3 years. A finite neutrino mass would manifest as a depletion of counts, compared to the case of the massless neutrino, in the electron kinetic energy distribution near the endpoint. The latest results for the limit on the electron neutrino mass have been derived over a decade ago from data collected in two eV-precision experiments: at Troitsk (Russia) [1] [2] [3] [4] (m ν < 2.05 eV at 95% c.l.) and Mainz (Germany) [5, 6] , [7] (m 2 µ = −0.6 ± 2.2(stat) ± 2.1(syst) eV 2 or m ν < 2.3 eV at 95% c.l.). A new generation experiment, KATRIN, is currently at the commissioning stage, aiming at a sub-eV precision constraint or measurement of the electron neutrino mass [8] . A number of other experiments, for the time being less precise, are also currently in progress, including bolometric experiments MIBETA [9] (m 2 µ = −141 ± 211(stat) ± 90(syst) eV 2 ), MANU [10] and MARE experiment [11] to measure the endpoint in the β decay of 187 Re and the ECHo experiment [12] making use of the electron capture in 163 Ho. The accuracy of determining the neutrino mass in a β decay is limited by the precision of measuring the electron energy. A new related method has recently been demonstrated using a radio-frequency spectrometer for single electrons with the operation principle based on the relativistic shift in the cyclotron frequency [13] , opening a new that they come out systematically negative in most measurements. This feature is a sign either of an effect commonly unaccounted for in the data analysis or, if physical, a need of a new concept of the neutrino [14] . Therefore a measurement using a yet different technique might be of importance in this respect.
Threshold e
− p → nν e scattering
We have considered another process, in which the fact of a finite neutrino mass would be reflected in its kinematics: e − p → nν e (a charged current process, CC, compared to a neutral current elastic e − p scattering). Again, a depletion of counts, compared to the massless neutrino case, in the energy dependence of the cross section for this channel close above the threshold is expected. The above elementary process has been chosen chosen by us for simplicity but it is understood that, in general, one can consider a process: e − A → Bν e , where A and B denote nuclei (although it has been known from the tritium decay experience that dealing with nuclei involves numerous nuclear and atomic corrections).
The differential cross section for the process e − p → nν e , as a function of the electron-proton c.m.s. energy, W, takes the following form:
where M denotes the matrix element and m n , m p , m e and m ν -the neutron, proton, electron and neutrino masses, respectively. The leading kinematical dependence of the cross section is contained in the W 2 -dependent phase space term since the energy dependence of the matrix element is not strong near the threshold. Therefore we focus on the kinematical (W-dependent) term in (1) in further considerations which is sufficient for illustrating of the underlying idea presented in this paper. The dependence of the cross section in terms of the c.m.s. energy, W, near the threshold for the process e − p → nν e is shown in Fig. 1 for the massive and massless neutrino. In this particular calculation W 0 th = m n , respectively. If the neutrino were massive, the threshold energy would be shifted towards higher values by m ν and one would observe a depletion of counts compared to the massless case, as shown in the figure. The measurement would have to involve a beam energy scan, covering a region from below to above the threshold and the possible neutrino mass could be determined by fitting the functional dependence (1) .
There are several difficulties associated with the method presented in this article.
• A low energy dispersion beam (order of eV), within an appropriate energy range below and above the energy threshold, is required since the accuracy of measuring the neutrino mass depends strongly on this parameter; the threshold kinetic energy of an electron beam on a stationary proton target amounts to approx. 0.783 MeV. The dispersion should be of order 10 −6 of the beam energy which would be a challenging task to achieve in the case of the discussed process;
• A dominating elastic background is present, e − p → e − p, requiring an efficient procedure of rejection; σ CC /σ el ≈ O(10 −12 ), depending on acceptance, where σ CC denotes the cross section for the studied process; • Low CC cross section near threshold, σ CC ≈ G A comparison of the two methods: tritium decay and the threshold scattering, is summarised in table 1. In summary, we have shown that the energy dependence of the cross section for the process e − p → nν e above threshold is sensitive to a possibly non-zero electron neutrino mass -an effect quantitatively similar to that near the endpoint of the electron energy spectrum in tritium decay. The new method requires further elaboration and a feasibility study while the main difficulties, which can be listed a priori, are: order of eV electron beam energy setting in the threshold range, abundant elastic e − p scattering background, low counting rates of the measured process and necessity of detecting slow neutrons.
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